The conserved Asn49 of maize glutathione S-transferase I modulates substrate binding, catalysis and intersubunit communication.
The functional and structural role of the conserved Asn49 of theta class maize glutathione S-transferase was investigated by site-directed mutagenesis. Asn49 is located in the type I beta turn formed by residues 49-52, and is involved in extensive hydrogen-bonding interactions between alpha helix 2 and the rest of the N-terminal domain. The substitution of Asn49 with Ala induces positive cooperativity for 1-chloro-2,4-dinitrobenzene (CDNB) binding as reflected by a Hill coefficient of 1.9 (S(0.5)CDNB = 0.43 mm). The positive cooperativity is also confirmed by following the isothermic binding of 1-hydroxyl-2,4-dinitrobenzene (HDNB) by UV-difference spectroscopy. In addition, the mutated enzyme exhibits: (a) an increase in the Km(GSH) value of about 6.5-fold, and decrease in kcat value of about fourfold; (b) viscosity-independent kinetic parameters; (c) lower thermostability, and (d) increased susceptibility to proteolytic attack by trypsin, when compared to the wild-type enzyme. It is concluded that Asn49 affects the rate-limiting step of the catalytic reaction, and contributes significantly to the structural and binding characteristics of both the glutathione binding site (G-site) and the electrophile substrate binding site (H-site) by affecting the structural integrity of a type I beta turn (comprising residues 49-52) and probably the flexibility of the highly mobile short 310 helical segment of alpha helix 2 (residues 35-46). These structural perturbations are probably transmitted, via Phe51 and Phe65, to alpha helix H3" of the adjacent subunit which contains key residues that interact with the electrophile substrate and contribute to the monomer-monomer contact region. This may accounts for the positive cooperativity observed.